Gastric emptying of liquid (orange juice containing technetium-99m ('Tc) labelled antimony sulphide colioid) and solid (570 kcal pancake containing O 5 mm resin microspheres labelled with Indiun-ll ("'-In)) was measured in seven patients with jejunum and no colon (jejunal lengths 30-160 cm), six patients with jejunum in continuity with the colon (jejunal length 25-75 cm), and in 12 normal subjects. In patients with no colon early emptying of liquid was rapid (median 25% emptying: 7 v 25 min, no colon v normal, p<O05); early gastric emptying of solid was rapid in two (each with less than 100 cm jejunum) and normal in the other five. Gastric emptying of liquid and solid for patients with jejunum in continuity with the colon was normal for the first three hours. There was increased liquid and solid retained in the stomach at six hours in both groups of patients (p<O-Ol). Small bowel transit time was faster than in normal subjects for liquid in both groups of patients (p<0.05) and for solid in those with no colon (p<O05). Rapid gastric emptying of liquid may contribute to the large stomal output in patients with a high jejunostomy. Preservation of the colon after a major small intestinal resection exerts a braking effect on the rate of early gastric emptying of liquid. (Gut 1993; 34: 1171-1176 The number of patients surviving with a short length of residual small intestine is increasing.' This is as a result of, in part, the large number of patients who have had multiple bowel resections for Crohn's disease.2 Patients with a short remaining length of jejunum may be divided into two clinical groups: those with an end jejunostomy and those with jejunum in continuity with In this paper we have studied the rate ofgastric emptying for liquid and solid in patients with a short length of residual jejunum and no colon, a short jejunal length and a retained colon, and normal healthy volunteers. We have attempted to find out if the rate of emptying is different from normal in either group and whether preservation of the colon affects gastric emptying. The rate of solid and liquid transit through the small bowel has also been assessed.
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Gastric emptying of liquid (orange juice containing technetium-99m ('Tc) labelled antimony sulphide colioid) and solid (570 kcal pancake containing O 5 mm resin microspheres labelled with Indiun-ll ("'-In)) was measured in seven patients with jejunum and no colon (jejunal lengths 30-160 cm), six patients with jejunum in continuity with the colon (jejunal length 25-75 cm) , and in 12 normal subjects. In patients with no colon early emptying of liquid was rapid (median 25% emptying: 7 v 25 min, no colon v normal, p<O05); early gastric emptying of solid was rapid in two (each with less than 100 cm jejunum) and normal in the other five. Gastric emptying of liquid and solid for patients with jejunum in continuity with the colon was normal for the first three hours. There was increased liquid and solid retained in the stomach at six hours in both groups of patients (p<O-Ol). Small bowel transit time was faster than in normal subjects for liquid in both groups of patients (p<0.05) and for solid in those with no colon (p<O05). Rapid gastric emptying of liquid may contribute to the large stomal output in patients with a high jejunostomy. Preservation of the colon after a major small intestinal resection exerts a braking effect on the rate of early gastric emptying of liquid. (Gut 1993; 34: 1171 -1176 The number of patients surviving with a short length of residual small intestine is increasing.' This is as a result of, in part, the large number of patients who have had multiple bowel resections for Crohn's disease. 2 Patients with a short remaining length of jejunum may be divided into two clinical groups: those with an end jejunostomy and those with jejunum in continuity with phases. This technique has been previously a colon -Six patients with evaluated, and shown to discriminate clearly in situ were studied. Two had between the two components of a meal in an tomosed to a short length of acidic solution. 4 The solid phase consisted of a cm of ileum in patient L, and 570 kcal pancake (cooked weight 220 g) containand had a retained ileocaecal ing microspheres (mean diameter 0 5 mm, range colon, two had jejunum 0 2-1 0 mm) ofan ion exchange resin (Amersham e caecum, and two jejunum International, Buckinghamshire) labelled with e proximal transverse colon. 0-25 mCi (10 MBq) indium-111 ("'In). The th with jejunal lengths of liquid phase consisted of 195 ml orange juice iving longterm home intra-(70 kcal) containing 1i0 mCi (40 MBq) techTwo others took oral netium-99m ('Tc) bound to antimony sulphide ients and two others required colloid. The whole body dose of radiation was aal supplements. 0-06 rad for "'In (effective dose equivalent 3-0 mSv) and 0 014 rad (effective dose equivalent 0 5 mSv) for 99mTc. After fasting from midnight the pancake was stopped their anti-secretory eaten in the morning (about 10 am) over 10 )meprazole, and ranitidine) at minutes. The orange juice was then drunk *e the start of the study. The after the pancake. Nothing else was eaten or igs codeine and loperamide drunk for the following six hours. vening before the start of the The gammacamera (Siemens model 7500, ;s were not stopped earlier Germany) had a large field of view head and was I drug withdrawal symptoms. fitted with a high resolution/medium energy ed during the first half of the parallel hole collimator. Dual isotope simultaneous scanning was carried out with the ed meal was used to measure gammacamera peaked for 250 KeV and 140 KeV with 40% and 20% windows to detect the radiation from "'In and`mTc respectively. The combination of this pulse height analysis and the appropriate collumination reduced the effects of Compton scattering. The pancake and orange juice were scanned before the meal was eaten so that a correction factor for the overlapping of the energy spectra of each isotope was derived. Scanning of the subject began within five minutes of completing the meal. Anterior and posterior static images of 30 seconds each were collected alternately every two minutes for 45 minutes; then every five minutes until three hours had passed, and then a final pair >_ of scans at six hours. All images were taken with the subject standing in front of the camera. (Fig 2) . The fastest rates of liquid emptying occurred in those with the shortest length of jejunum (for jejunal length against 25% emptying (Fig 3) : r=0-57, p=0 18, 50% emptying: r=0-66 p=0l11). Although the 50% emptying of liquid was not significantly different from normal for the patient group as a whole, it was faster than normal in three patients ( Fig 1A) . The amount of liquid in the stomach at six hours was significantly increased compared with normal subjects (p<001) and in five patients was more than the normal mean (2SDs) (7, 7, 8, 12 , and 3 1%).
Solid
Early gastric emptying of solid was normal in five patients and rapid in two, both of whom had less than 100 cm jejunum.
The amount of solid in the stomach at six hours was significantly increased compared with Jejunal length (cm) Figure 3 : Graphs oftime of25% gastric emptying ofliquid against the residualjejunal lengthfor short bowel patients with no colon (r=0-57, p=0 18 ) and short bowel patients with a colon (r=0-78, p=0-07). (Fig 4) Liquid The gastric emptying of liquid in all patients with a colon was normal. There was a tendency for those with the shortest jejunal length to have the most rapid gastric emptying (for jejunal length against 25% emptying (Fig 3) : r=0-78, p=0 07, 50% gastric emptying r=0-82, p<O OS).
The amount of liquid in the stomach at six hours was significantly increased compared with normal subjects (p<005), however in only two patients was it by more than the normal mean (2SDs) (11 and 12%).
Only one patient (I) with 25 cm jejunum anastomosed to transverse colon had rapid emptying of the solid, the others had normal gastric emptying of solid.
The amount of solid in the stomach at six hours was not significantly different from normal subjects (p=006), though in two patients was more than the normal mean (2 SDs) (7, and 18%).
LAG TIME This was not significantly different between both groups and normal subjects (Table II) . Visual determination of the entry of radioisotope into the duodenum and then into the colon, rectum, or stoma bag was not usually difficult. The small bowel transit time for liquid (Table  III) was faster in both groups of patients compared with normal subjects (median <5 min no colon, <5 min with a colon, 14 min normal subjects, p<0O05 both groups of patient compared with normal subjects). 240 300 360 The small bowel transit time for solid was faster in those with no colon compared with normal subjects (median 13 This study shows that patients with a jejunostomy and less than 100 cm jejunum have rapid early gastric emptying of liquids, and in some also solids. The rate of early gastric emptying of liquid tended to correlate with jejunal length. This rapid rate ofearly gastric emptying probably contributes to the high intestinal output. Gastric emptying of solid was rapid in two of seven patients with no colon, both with less than 100 cm jejunum, and normal in the others. In addition to a disturbance ofearly gastric emptying they also have an abnormality of late gastric emptying with both liquid and solid being retained in the stomach at six hours. Patients with a similar jejunal length but in continuity with the colon, have normal gastric emptying of liquids and solids.
Patients with a short bowel often have difficulty consuming a large meal. Two patients were marginally slow to finish the meal and two others consumed most, but not all of the meal. The variations in meal consumption were small and unlikely to influence the final results.
Previous studies in animals have shown that after a jejunal resection gastric emptying of liquid is normal,67 but after an ileal resection it may be fast6 or slow.7 Previous studies in humans have shown that after a distal small intestinal resection but with retention of the colon, the gastric emptying of liquids is normal.8 If the colon is removed in addition to the terminal ileum the gastric emptying of solids is normal.9 These findings are in agreement with our findings.
The rate of gastric emptying is normally controlled by both neural and humoral mechanisms so that chyme is delivered into the intestine at a rate optimal for digestion and absorption. Several factors relating to the meal are known to slow gastric emptying such as a large volume,'0 high nutrient density," a hyper or hypo-osmolar solution,'2 or acid.'3 External factors, for example a painful stimulus, will also delay gastric emptying. '4 The upper small intestine normally plays an important part in regulating the rate of gastric emptying. Studies in dogs have shown that the longer the length of duodenum and jejunum exposed to glucose,'5 acid, '6 Both groups of patients studied had had a major jejunoileal resection so that much of the jejunal and most of the ileal braking system has been removed. With the loss ofthese mechanisms the rate ofgastric emptying would be expected to be fast. We have shown this to be the case in patients with a high jejunostomy, especially for liquid, but if the colon is preserved gastric emptying remains normal pointing to the presence of a 'colonic brake'.
When just the 'head' of the liquid component ofthe meal is considered, both groups ofpatients with a short bowel showed rapid early transit from the mouth to the end of the small bowel (Table III) . For the bulk ofthe meal (for example 25 or 50% gastric emptying) however, the gastric emptying rate for liquid is normal (Fig 2) in those with a colon. This suggests that a 'colonic brake' comes into play and is activated by the early arrival of liquid in the colon. This 'brake' allows gradual entry of nutrients into the small intestine so that the time for absorption is maximal.
The braking mechanism may be neural by colonic sensory receptors, or humoral because of a hormone produced by the colon. Entero The clinical significance of a larger than normal gastric residue at six hours in both groups is unknown.
Intestinal transit for the 'head' of a liquid and solid meal was faster in both groups of patients than normal subjects. Small bowel transit has been shown in animals to be fast after a distal, and slow after a proximal, resection.6738 This may reflect the normal fast transit through the jejunum and slow transit through the ileum.9" Our patient's transit times are likely to be rapid because of faster jejunal transit and a shorter distance to travel. The normal time for solid transit in those with a retained colon indicates very slow transit through a given length of jejunum.
These patients with a short bowel with and without a colon provide a unique physiological model from which to discover more about the factors that regulate gastric emptying and small bowel transit. We have shown that preservation of the colon in patients with a short bowel provides a braking mechanism to gastric emptying so transit time is normal, allowing adequate time for liquid absorption. This is lacking in those with a high jejunostomy so that rapid early gastric emptying occurs, particularly of liquid, which may contribute to high stomal losses.
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